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Letters to the Editor. 

[The Editor does not hold himself responsible for 
opinions expressed by his correspondents. Neither 
can he undertake to return, or to correspond with 
the writers of rejected manuscripts intended for 
this or any other part of Nature. No notice is 
taken of anonymous communications .] 

Capillarity. 

In Mr. W. B. Hardy’s excellent “ Historical Notes 
upon Surface Energy and Forces of Short Range ” in 
Nature of March 23, vol. 109, p. 375, he remarks 
that "the exact way in which the attractive forces 
act in causing the rise of fluid in capillary tubes 
and the spreading of fluid over solid and fluid sur¬ 
faces is still obscure.” He evidently rejects all 
explanations by any Laplacean conception of molec¬ 
ular attraction. He probably holds that the ex¬ 
planation is to be sought in the modern electric 
theory of the constitution of matter, but that this 
theory has not as yet been developed far enough to 
throw sufficient light on the question. By the use 
of the term “ attractive," however, he restricts the 
inquiry to a limited class of forces in terms of wdiich 
these phenomena are to be explained. It is just 
possible that this restriction may preclude the solution 
of the problem. 

That it is possible to conceive of a force which 
cannot be put in this class of " attractive ” forces of 
short range may be shown. If a mass consisting 
of a single molecule exists at all, it has a position in 
ether-space at some particular instant. It may be 
considered isolated from all other masses. There is, 
therefore, a closed boundary within which there are 
properties differing from those not within this 
boundary. Any part of this closed boundary may 
be conceived as an area between space-regions 
called “ mass ” and " no-mass.” If we .say that 
this enveloping area tends to become less, we have 
defined a “ force ” which cannot be included in the 
class of attractive forces. Further, if we say that, 
when two such enclosures come into contact, the tendency 
to decrease does not exist in the area of contact, since 
there is no distinction of properties on opposite sides 
of this area, we have defined the law of the “ force ” 
for like masses. Finally, if we say that when the 
two masses are unlike there is this distinction of pro¬ 
perties and, consequently, a tendency of the common 
area to decrease, we have extended the law to unlike 
masses. Space will not permit the elaboration of 
these conceptions. 

The question is : Does this " force ” as conceived 
above really exist ? Whether it does or not, repeated 
applications of the law as stated will account for 
surface tension of visible liquid and solid surfaces in 
terms of it. It wall be admitted that the phenomenon 
of coalescence of visible spheres of like liquids is a 
direct application of the law. Also, in his letter on 
“ Cohesion ” in Nature of January 5 (vol. 109, p. 10), 
the present writer has shown experimentally that 
visible exterior cohesion and adhesion in solids and 
liquids may be accounted for by surface tension forces 
alone, and, consequently, may be explained by 
molecular (surface) tension. Now these and even 
capillary-rise and fluid-spreading might conceivably 
be explained by intermolecular electric forces, though 
this has not yet been done ; but it is difficult to see 
how the latent heat of a gas can be so accounted for, 
since in a gas the molecules are too widely separated 
to admit of short range intermolecular action at all, 
and the condensation of a gas, by which alone this 
great amount of heat is made available, is unattended 
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by any chemical change or electrical effect. This 
latent heat, however, may be fully accounted for by 
molecular surface tension, as the writer has shown 
in the Phil. Mag. v. 41, p. 877. 

Either, then, the latent heat of a gas must be 
otherwise accounted for, or the existence of molecular 
surface tension must be admitted. This in turn, 
it is true, may eventually be explained by the action 
of electric forces in the interior of the isolated molecule. 
In the meantime the writer offers the following ex¬ 
planation of capillary-rise and surface-spreading in 
terms of molecular tension as conceived above. 

The following phenomena are illustrative, (a) If 
two free spheres of immiscible liquids be brought into 
contact, the mass of the one suddenly proceeds 
completely to envelop the mass of the other. (6) If 
a free liquid sphere and a small solid which does not 
dissolve in the liquid be brought into contact, one of 
two actions takes place : either the mass of the liquid 
forms a closed sheath about the solid, or the mass of 
the solid tends to envelop the liquid, but is prevented 
by internal cohesion from assuming the necessary 
form. The liquid then stands out as a curved mound 
on the solid with a distinct “ capillary ” angle. 
With water mercury acts as a solid metal. It is on 
this differential action of this surface force of water 
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in union with those of small particles of minerals and 
rocks that the flotation processes for mineral separa¬ 
tion depend. 

When a liquid is in contact with a solid, there are 
three areas in which this tendency to decrease exists 
in different degrees, namely, the liquid-air, the solid- 
air, and the solid-liquid areas, the sum of the latter 
two areas being constant. At contact the only 
possible way in which these latter two tendencies 
can result in action is to decrease the solid-air area 
from its maximum by increasing the solid-liquid area 
from zero. Experiments show (Nature', ibid.) that 
this change always proceeds to some extent. In the 
case of water and rock it proceeds until all the solid- 
air area becomes solid-liquid area. It does not reach 
This limit in the case of water and a mineral. 

But the extent of this fluid-spreading depends 
further on (1) the tendency to decrease of the liquid-air 
area, unrestricted by internal cohesion, (2) the force 
of gravity acting on the liquid mass, (3) the form of 
the solid area, and (4) the amount of the liquid. 
Thus, a small drop of an oil such as oleic acid may 
not spread far on a horizontal glass surface, since the 
decrease in the glass-air area involves increases in 
both glass-oil and oil-air areas ; whereas in capillary- 
rise this decrease does not involve any increase in 
oil-air area. The oil will, therefore, ascend until its 
increasing weight balances the tendency to decrease 
(tension) in the glass-air area within the tube. Again, 
a hanging drop of the oil will completely envelop 
a large fragment of glass and hold it against its 
weight. 

It is plain, then, that methods of measuring surface 
tensions of liquid-air and liquid-liquid areas should 
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be, so far as possible, free from errors arising from 
unknown changes in liquid-air areas and from the 
unknown solid-air and solid-liquid tensions. It will 
be. seen that the capillary-rise method in reality does 
this, though there is difficulty in measuring the 
internal bore and keeping it clean. But the following 
arrangement seems to be as nearly as possible free 
from these objections, and to be adapted to measure 
the tensions of interfacial liquid surfaces as well. 

The liquid (mercury excepted) is made to drop 
from a fine capillary tube having thin walls as in 
Fig. x. In forming the drop, it spreads upward over 
the exterior surface and reaches a limiting size, shape, 
and position. It then slips down the tube at a uni¬ 
form velocity with little modification in size or shape, 
and after suffering a slight check in its motion breaks 
its connexion and falls. We may then equate the 
whole tension about the tube with the weight of the 
drop, so that T !o x 7rif e = W L or T,„ = Wi/ii„ where 
T ia is the liquid-air tension and d, is the external 
diameter of the tube. 

The same drop formation occurs when the tube is 
arranged to drop water downwards in any lighter oil, 
or by a bent tube (Fig. 2) upwards in a heavier oil. In 

this case we have the equation T„„ = x , 

where the suffixes w, o, e, and i denote the words 
water, oil, external, and internal, and p is density, 
from which the tension of the water-oil surface may 
be calculated. 

On the contrary, when oil is dropped either down¬ 
wards or upwards in water, it does not spread on any 
exterior water-glass surface, but forms its attachment 

as in Fig. 3. In this case we have T ™=—f x . 

vdi ft, 

These all give results agreeing with those recorded 
in the standard tables. 

In accordance, then, with this conception of an 
elemental force not included in the class of “ attrac¬ 
tive " forces, we should expect that these changes 
in area would be always attended by a rise in tempera¬ 
ture. If it be asked why the enveloping area about 
a free molecular mass tends to decrease, there is no 
answer ; and neither is there an answer to the question 
as to why a large mass tends to approach another. 

Wilson Taylor. 

Physics Laboratory, 

University of Toronto, Canada, July 15. 


The Influence of Science, 

The seeming contradiction in my summary account 
of the case of Galileo (Nature, August 5, p. 180), to 
which Sir Oliver Lodge directs attention in his letter 
(Nature, August 26, p. 277), needs an explanation. 
The great work of Copernicus (1543) was dedicated 
to a Pope, Paul III, ; none of the Roman Congrega¬ 
tions found any objection to it, and (Whewell, “ His¬ 
tory of the Inductive Sciences,” I. 418, ed. 1847), 
says “ lectures in support of the heliocentric doctrine 
were delivered in the ecclesiastical colleges.” This 
was because of its being taught as a purely scientific 
doctrine. 

Sir Oliver writes that Galileo “ had endeavoured to 
get the Church to realise that the doctrine was not 
really antagonistic to Scripture when reasonably in¬ 
terpreted,” This statement needs qualifying. Had 
Galileo contented himself with teaching the Coper- 
nican doctrine as a scientific hypothesis, he would 
not have been molested. But, being a fierce con¬ 
troversialist, he wanted to confound his many ad¬ 
versaries, the mathematicians, and the Aristotelians, 
by showing that Scripture was on his side (cp. Sir 
David Brewster, “ Martyrs of Science,” p. 58). Hence, 
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disregarding the advice of the Bishop of Fermo “ not 
to raise the question,” and that, too, of many other 
ecclesiastical friends, among them Cardinals and 
Prelates, to the same effect, he demanded that “ the 
Pope and the Holy Office should declare the Copernican 
system to be founded on the Bible." Hinc illae lacrymae. 
On the other hand, the attitude of the Churchmen is 
w'ell illustrated in a letter from Cardinal Bellarmine 
to the Carmelite friar, Foscarini, one of Galileo's 
friends, dated April 12, 1615. He writes : “ If a true 
demonstration should be found that the Sun is placed 
at the centre of the world, and the Earth in the third 
heaven, and that the Sun does not turn round the 
Earth, but the latter round the former, then it will 
be necessary to proceed with great prudence in the 
explanation of Scripture, which seems to say the 
contrary, and rather to avow that w r e have not 
understood it, than to declare a demonstrated fact 
false.” Astronomers had to wait until the discovery 
of aberration by Bradley before such a true demon¬ 
stration was found. 

Sir Oliver also writes that " Gabled was made to 
recant, to abjure, and curse the theory of the earth’s 
motion.” Whewell tells us ( loc. cit., p. 4x9), “ He 
(Galileo) was accused before the Inquisition in 1615, 
but at that period the result was that he was merely 
recommended to confine himself to his mathematical 
reasonings upon the system, and to abstain from 
meddling with Scripture.” After his contempt of 
court, in the second trial, of the year 1632, he was 
condemned as " vehemently suspected of heresy.” 
He was sent to Arcetri, and had to recite a penance 
of certain prayers. 

There was no implication in my former letter, as 
Sir Oliver writes, " that there w-as really no punish¬ 
ment, and that there was no call for anxiety and 
distress.” The implication was that his troubles were 
largely, if not entirely, of his own seeking, and that 
his treatment was, according to the quotations I gave 
from Whewell, and from De Morgan, comparatively 
mild. I purposely quoted from non-Catholic writers, 
as they cannot be suspected of partiality towards the 
Roman Congregations. To these I add the testimony 
of Sir David Brewster {loc. cit, p. 88) : '* During the 
whole of the trial Galileo was treated with the most 
marked indulgence.” Sir Oliver Lodge’s quarrel is, 
therefore, with such eminent scientific men as Whewell, 
De Morgan, and Brewster (see also op. cit, p. 77), to 
whom we may add Huxley, who (" Life and Letters,” 
ii. 424) avowed that ‘‘the Pope and the Cardinals 
had rather the best of it.” 

But my chief implication was, and is, that the case 
of Galileo cannot fairly be considered as evidence of 
the hostility of the Church to natural science, and as 
a hindrance to her legitimate influence. Finally, I 
trust Sir Oliver Lodge will not think me discourteous 
in not treating of the other points raised in his letter, 
as I do not consider them to be relevant to the present 
discussion. A. L. Cortie, S.J. 

Stonyhurst College Observatory, 

August 31. 


The Production of a Standard Source of Sound. 

I have recently had occasion to consider the 
problem of constructing a simple standard source of 
sound, and have been favourably impressed by the 
possibility of employing a “ hot wire ” grid—as used 
in the Tucker microphone (Phil. Trans. A, vol. 221, 
pp. 389-430)—for this purpose. In this microphone 
the grid is made of fine platinum wire and heated by 
a current of 20-30 milliamperes. It is moxmted in 
the orifice of a Helmholtz resonator, and when the 
latter is stimulated by a sound of suitable pitch, the 
vibration of the air in the orifice causes an increase 
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